Holographic Stress Tensor for Kerr-AdS Black Holes and Local Failure on
  IR-UV Connection by Ho, Jeongwon
ar
X
iv
:h
ep
-th
/0
00
52
50
v2
  7
 Ju
n 
20
00
Alberta-Thy 07-00
May 2000
Holographic Stress Tensor for Kerr-AdS Black Holes
and Local Failure on IR-UV Connection
Jeongwon Ho
Theoretical Physics Institute, Department of Physics,
University of Alberta, Edmonton, Canada T6G 2J1
E-mail: jwho@phys.ualberta.ca
Abstract
We show that in general holographic stress tensor may contain a new term
of divergence of a spacelike unit normal acceleration. Then, it is shown that
in contrast to previous descriptions, a new stress tensor for Kerr-AdS solutions
can be a traceless one. Interestingly, this prescription entails a local failure on
the IR-UV connection.
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A precise form of the AdS/CFT correspondence [1] has been formulated by Gub-
ser, Polyakov, Klebanov [2] and Witten [3]. The basic statement is given by the
correspondence between the partition function of a string (or M) theory and the
generating functional of correlation functions of a boundary conformal field theory
(CFT). In the description, the two are functionals of boundary fields φ(0) which have
dual perspective as boundary values of bulk fields φ and sources for the operators of
CFT. According to this view, in the limit of large number of D-branes and small string
coupling, the effective action of strong coupling large N CFT is given by evaluating
the action functional for solutions to classical supergravity equations of motion
Sstring[φ
cl(φ(0))] =WCFT [φ
(0)]. (1)
Concentrating on the stress tensor in CFT and the corresponding bulk gauge field,
metric gµν , it may be assumed that all other bulk fields vanish on the boundary. For
AdS spaces, due to existence of a second order pole on the asymptotic boundary,
the metric gµν does not induce a unique metric g
(0) on the boundary. Instead, the
boundary field that satisfies the boundary condition of the bulk metric is a conformal
structure [g(0)]. However, the conformal invariance is to be broken on the regulariza-
tion of the bulk supergravity action as arbitrarily picking a particular representative
g(0) of the conformal structure [g(0)]. Taking this scheme, Henningson and Skenderis
[4] have shown that the conformal anomaly in CFT (ultraviolet (UV) effect) arises
from infrared (IR) divergences in the bulk theory. This is an explicit example of the
IR-UV connection [5], which applies to holographic theories [6][7], and becomes a
non-trivial check for the conjectured AdS/CFT correspondence. Generalizations and
applications of the investigation has been studied in [8][9][10][11][12].
According to the equation (1), divergences arising from the supergravity action
is the usual UV divergences in CFT. Thus, the regularization for the supergravity
action can be achieved by introducing local counterterms. Compared to the refer-
ence background subtraction method [13][14], the prescription, so call counterterm
subtraction method, is a nice way to regularize a gravitational action apparently pre-
serving general covariance. The counterterm subtraction method has been developed
in its own interest and applications [15][16][17][18][19][20].
On the other hand, various black holes have been studied in the context of the
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AdS/CFT correspondence, and some interesting observations have been made, e.g.,
on electrically charged Reissner-Nordstro¨m-AdS [21], rotating Kerr-AdS [22][23][24],
and Kerr-Newman-AdS black holes [25][26]. In this paper, we are concerned about
the IR-UV connection between the Kerr-AdS black holes and boundary CFT’s living
on rotating Einstein universes. This subject has been served by a manuscript [27]
in which the correspondence was probed by calculating the Casimir energies and/or
conformal anomalies from bulk theory using the counterterm subtraction method.
An interesting observation in [27] has been made for the five-dimensional Kerr-
AdS and the dual N = 4 super Yang-Mills (SYM) theory on a rotating Einstein
universe in four dimensions. In usual, when a conformal anomaly is present, the
classical bulk action contains a logarithmic divergence, which cannot be apparently
canceled by a counterterm. For the five-dimensional Kerr-AdS, the stress tensor
was not traceless, but logarithmic divergence did not appear in the on-shell action.
Nevertheless, the trace of stress tensor precisely matched to that of the dual SYM. The
authors argued that not only the integrated conformal anomaly vanishes, but also the
anomaly is proportional to ✷R, where R is the boundary scalar curvature. Therefore,
supplementing ordinary counterterm action with an additional counterterm, then one
obtains a new traceless stress tensor. They also proposed that the different choices
for counterterms corresponds to the choice of different schemes for regularization in
ordinary field theories in four dimensions that is due to the freedom of taking an
undetermined coefficient of ✷R in the anomaly.
However, this prescription for the paradox seems unreasonable. First of all, in the
one loop effective action of the N = 4 SYM on four-dimensional rotating Einstein
universe, the ✷R term in present has to be distinguished from the ✷R term with
an undetermined coefficient, e.g., depending on the choices of minimally coupled
and conformally coupled scalars [28]. The former is just the usual logarithmic UV
divergence in four dimensions RabRab − R2/3. The proportionality, ✷R ∝ RabRab −
R2/3, is a special property of the geometry of the four-dimensional rotating Einstein
universe1. Therefore, it appears that there is not a precise relationship between
1Our argument has been given under consideration of the weak coupling calculation. This seems
still available in the strong coupling, because the free energy density at weak coupling is only different
from that for the strong coupling (and a high temperature limit) up to a constant factor for a leading
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addition of new counterterms and the choice of the undetermined coefficient of ✷R in
the field theory. Secondly, it has to be noted that the addition of new counterterms
means that there may be ‘pulsative counterterms’ which could be turned on and off
depending on given boundary geometries and/or topologies. However, considering
the procedure of the derivation of counterterm action in [18], it must be available
for all kinds of asymptotic AdS spaces with boundaries of arbitrary geometries and
topologies as solutions to the Einstein’s equations (containing only the gravitational
field without other bulk fields). Thus, it seems hard to put the pulsative counterterms
into the counterterm action with a consistent description. It has to do that just by
hand.
In this paper, we revisit this paradox. Our starting point is to elaborate on the
on-shell action in the context of the ADM formulation. Taking into account this
description, we show that in general the stress tensor may contain a new term of
divergence of a spacelike unit normal acceleration and be a traceless one. Then we
shall argue that this prescription interestingly may entail a local failure on the IR-UV
connection; One loop effective action of the N = 4 SYM on four-dimensional rotating
Einstein universe is UV finite, and correspondingly the effective action evaluated from
bulk action is IR finite. However, the modified stress tensor derived from bulk theory
may be traceless, while the SYM has non-vanishing trace of stress tensor.
(d + 1)-dimensional gravitational action with cosmological constant Λ = −d(d −
1)/(2ℓ2) is given by
S =
1
16πG
∫
X
dd+1x
√−g
(
Rˆ +
d(d− 1)
ℓ2
)
− 1
8πG
∫
∂X
ddx
√−γΘ, (2)
where ∂X denotes d-dimensional boundary manifold with metric γab and Θab is the
extrinsic curvature of the boundary defined by Θab = −γµa∇µnb. ∇ denotes the
covariant derivative on the (d+1)-dimensional manifold X and nµ is an outward unit
normal to the boundary. Rˆ is the bulk scalar curvature. The surface term in (2), so
called Gibbons-Hawking term, is required for well defined variational principle. In
this paper, we consider the bulk metric of the form
gµνdx
µdxν = N2dr2 + γabdx
adxb, (3)
term [29][15][30][26].
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where xr is the radial coordinate r, and N2 = N2(r, xa), γ = γ(r, xa). In this
coordinate system, the spacelike unit normal to the boundary is given by nµ = Nδ
r
µ.
According to the counterterm subtraction method, we introduce a counterterm
action S˜ regularizing the action (2)
S˜ = − 1
8πG
∫
∂X
ddx
√−γ
{
d− 1
ℓ
+
ℓ
2(d− 2)R
+
ℓ3
2(d− 2)2(d− 4)
(
RabR
ab − d
4(d− 1)R
2
)
+ · · ·
}
. (4)
Then, the regularized action Sp is defined by Sp ≡ S + S˜. The line element of
Kerr-AdS solutions (d ≥ 3) interested in this paper is [22]
ds2 = −∆r
ρ2
(
dt− a sin
2 θdφ
ζ
)2
+
∆θ sin
2 θ
ρ2
(
adt− (r
2 + a2)
ζ
dφ
)2
+
ρ2
∆r
dr2 +
ρ2
∆θ
dθ2 + r2 cos2 θdΩ2d−3, (5)
where
ρ2 = r2 + a2 cos2 θ, ∆r = (r
2 + a2)(1 + r2/ℓ2)− 2mGr4−d,
ζ = 1− a2/ℓ2, ∆θ = 1− (a2/ℓ2) cos2 θ, (6)
and m and a denote the black hole mass and angular momentum per unit mass,
respectively. This is an AdS version of higher dimensional Kerr black holes [31].
The on-shell regularized action Sclp of the five-dimensional Kerr-AdS in (5) does
not contain a logarithmic divergence [27]. Divergent part of the on-shell action is
given by
Scldiv = −
1
8πG
∫
X
dd+1x
√−g d
ℓ2
− 1
8πG
∫
∂X
ddx
√−γΘ, (7)
=
∫
∂X
ddx
√
Ωd−3
8πG
rd−2
[
(d− 1)
ℓ2
r2 + (d− 1)
(
1 +
a2
ℓ2
(
1− 2 cos
2 θ
d− 2
))
−a
4
r4
cos2 θ sin2 θ∆θ + · · ·+ a
2(−a2 cos2 θ)(d−6)/2
rd−4
sin2 θ∆θ
]
sin θ cosd−3 θ
ζ
.
In (7) and hereafter, we set m = 0 in the metric (5). The terms including the mass
is in fact finite on the asymptotic region and is irrelevant to aim of this paper. In
addition, it is a necessary condition for counterterms that must be given in terms of
only intrinsic boundary geometry.
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On the other hand, the divergence structure of the on-shell action is tightly con-
strained by the Gauss-Codazzi equations in the sense that these are covariant expres-
sions given in terms of the intrinsic and extrinsic boundary geometry [18]. Thus, we
expect that the ADM formulation gives us a hint for resolving the paradox above
mentioned. In fact, using the ADM formulation, the on-shell action can be expressed
by only the intrinsic boundary geometry up to redefinition of the radial coordinate
[32]. In this sense, we calculate the on-shell action again in the context of the ADM
formulation.
The canonical form of the action (2) is
S =
1
16πG
∫
X
dd+1xN
√−γ
(
Θ2 −ΘabΘab +R + d(d− 1)
ℓ2
)
. (8)
On the other hand, the Einstein equations contracted by the bulk metric can be
written by
Θ2 −ΘabΘab −R − d(d− 1)
ℓ2
= 0, (9)
and
ΘabΘab − nµ∇µΘ−∇µbν − d
ℓ2
= 0, (10)
where bµ ≡ nν∇νnµ is an acceleration of the unit normal nµ. The first equation (9)
is the normal-normal component of the Gauss-Codazzi equations [33] and the second
(10) can be identified with the tangential-tangential one (requiring the equation (9)).
Substituting (9) into (8), the on-shell action is given by
Scl =
1
8πG
∫
X
dd+1xN
√−γ
(
R +
d(d− 1)
ℓ2
)
. (11)
It must be noted that since we are concerned about the divergence structure of the
on-shell action, the equation (10) is irrelevant in our calculation [18]. However, the
term of divergence of the acceleration in (10) is to play an important role in our
prescription.
Now, we find that divergent part of the on-shell action (11) for d-dimensional
Kerr-AdS solutions (d = 4, 6, · · ·) contains a logarithmic term
Scldiv =
∫
∂X
ddx
√
Ωd−3
8πG
rd−2
[
(d− 1)
ℓ2
r2 + (d− 1)
(
1 +
a2
ℓ2
(
1− 2 cos
2 θ
d− 2
))
+
a2
r2
(
d− 3 + 2((d− 3) sin
2 θ − cos2 θ)
d− 4 −
2a2 cos2 θ((d− 2) sin2 θ − cos2 θ)
ℓ2(d− 4)
)
6
−a
4
r4
(
2 cos2 θ((d− 3) sin2 θ − cos2 θ)
d− 6 −
2a2 cos4 θ((d− 2) sin2 θ − cos2 θ)
ℓ2(d− 6)
)
+ · · ·+ 2(− cos θ)(d−4) ln r
(a
r
)(d−4) (
(d− 3) sin2 θ − cos2 θ
−a
2 cos2 θ
ℓ2
((d− 2) sin2 θ − cos2 θ)
)]
sin θ cosd−3 θ
ζ
. (12)
The logarithmic divergence term in (12) apparently leads a conformal anomaly
A = −a
2(−a2 cos2 θ)(d−4)/2
8πG
×(
(d− 3) sin2 θ − cos2 θ − a2 cos2 θ((d− 2) sin2 θ − cos2 θ)/ℓ2
ρrd−3∆
(m=0)
r
)
, (13)
where we used a cutoff r2/ℓ2 (c.f. [17]). As expected, for the case of d = 4 the
conformal anomaly in the leading contribution, Ad=4, is equal to that evaluated in
[27]
Ad=4 = − a
2ℓ
8πGr4
(
a2 cos2 θ
ℓ2
(3 cos2 θ − 2)− cos 2θ
)
. (14)
Finally, we are in position of describing the discrepancy of the on-shell actions
in (7) and (12). Following the above observation, especially deriving the conformal
anomaly (14), the discrepancy should be closely related to the paradox given in [27]
why the stress tensor is not traceless, while the on-shell action (7) does not contain
a logarithmic divergence.
The origin of the discrepancy is found in the canonical form of the action (8).
In fact, it contained two total derivative terms, one canceled the Gibbons-Hawking
term, and the other was discarded by a simple algebraic relation given by
Sbt =
1
8πG
∫
X
dd+1x
√−g∇µ(nν∇νnµ)
=
1
8πG
∫
∂X
ddx
√−γnµ(nν∇νnµ) = 0. (15)
However, it is easily shown that the above calculation is not correct. In the coordinate
system of (3), the divergence of acceleration ∇µbµ cannot be a surface term of the
timelike boundary ∂X , because it is not given by a total derivative term of the radial
coordinate
√−g∇µbµ = −∂a(
√−γγab∂bN) = −
√−γDaDaN, (16)
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where Da is the covariant derivative defined on the timelike boundary. Thus, we have
to keep this term in calculation of the on-shell action (11)
Scl =
1
8πG
∫
X
dd+1xN
√−γ
(
R +
d(d− 1)
ℓ2
+∇µbµ
)
. (17)
The on-shell action (17) for Kerr-AdS solutions does not contain the logarithmic
divergence term and recover that in (7). According to this observation, it appears
that the stress tensor is modified by the term of divergence of unit normal acceleration
and becomes a traceless one.
Definition of the stress tensor is
T ab ≡ 2√−γ
δScl
δγab
=
1
8πG
(
Θab − γabΘ) . (18)
Actually, in the second equality, it was assumed that γµνδnµ = δγ
µνnµ = 0. This
means that the boundary is fixed under the variations so that the variations of the
normal dual-vector on the boundary are proportional to the normal dual-vector. (For
an example, see [34].) However, this assumption is no longer proper for the type of
metric (3), e.g., Kerr-AdS solutions, in which the radial lapse N is a function of a
boundary coordinate as well as the radial one, and this restriction has to be relaxed.
Unfortunately, taking the relaxation of the assumption, direct calculation of the stress
tensor seems not easy because of the particular algebraic form of the divergence of
the acceleration. Taking into account the form of the on-shell action 17, we propose
a form of new stress tensor as
T abnew =
1
8πG
(
Θab − γabΘ+ α
2
γab
∫
drN∇µbµ
)
=
1
8πG
(
Θab − γabΘ− αγabK) , (19)
where K ≡ 1
2
∫
drDcDcN . (In the following, we are calling the terms that are just
intuitively related to the K term as ‘K term’.) If the constant α in (19) is one, then
the new regularized stress tensor T abp ≡ T abnew + T˜ ab is traceless.
The usual scheme, which an on-shell action does not contain a logarithmic diver-
gence then the trace of stress tensor vanishes, make us lead to take α = 1. In fact,
there is another reason why α = 1 is attractive. Kerr black hole solutions, which
are asymptotically flat spacetime, can be obtained by taking the flat spacetime limit
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ℓ→∞ in 5. In the case, one can see that the ‘old’ definition of the stress tensor (18)
has a non-vanishing trace in leading contribution, which is the same with the anomaly
in (13) taking the flat spacetime limit [32]. (In the calculation, the counterterm action
for d = 4 is the form of
S˜ = − 1
8πG
∫
∂X
d4x
√−γ
√
3
2
R, (20)
(For the d = 4 case, the counterterm action (20) is enough to eliminate the divergence
appearing in the classical action2.) and the counterterm stress tensor T˜ ab is given by
T˜ ab =
1
8πG
(
Φ(Rab − γabR) +DaDbΦ−DcDcΦγab
)
, (21)
where Φ ≡ √3/(2R).) Taking into account the holographic principle and extrap-
olating duality in the AdS/CFT correspondence, we expact that there might be a
quantum field theory living on the boundary that is dual to a (super)gravity on an
asymptotically flat spacetime. However, it should not be a conformal field theory.
Then, the stress tensor with non-vanishing trace would be problematic. In this sense,
the choice of traceless stress tensor seems to be reasonable. The new stress tensor
in (19) with α = 1 taking the asymptotically flat limit ℓ → ∞ gives a traceless
regularized stress tensor.
Even though the new traceless stress tensor with α = 1 (19) is plausible with the
fact that the on-shell action does not contain logarithmic divergence, it seems to be
problematic on the AdS/CFT correspondence. As mentioned above, the one loop
effective action of the N = 4 SYM on four-dimensional rotating Einstein universe is
UV finite, so the equation (1) is still satisfied. However, the SYM has non-vanishing
conformal anomaly. In this sense, it appears that the IR-UV connection is locally
broken. In fact, this local failure occurs in the case of α 6= 0. In order words, the
contribution of the K term to the stress tensor gives rise to the local failure on the IR-
UV connection.3 The K term in the leading contribution is propertional to squared
angular momentum, and apparently, the local failure is due to rotation of the bulk
2For higher dimensional Kerr solutions, see [18][19]
3It must be noted that the K term does not contribute to the total energy of the bulk theory in
the leading contribution, and the Casimir energy derived from the bulk theory still matches to that
of the boundary dual CFT.
9
spacetime. In order to discuss this problem more, we consider some aspects of the K
term in canonical point of view.
In some sense, the K term measures how much deviated the boundary geometry
is from a round sphere. This reflects that the contribution appears in the tangential-
tangential component of the Gauss-Codazzi equations (10). On the other hand, the
canonical form of the action (8) including the K term is written in terms of canonical
variables
S =
∫
X
dd+1x
(
πabγ′ab −NH−
√−γ
8πG
DaDaN
)
, (22)
where πab is the conjugate momenta defined by πab ≡ δS/δγ′ab. The radial Hamilto-
nian density H is given by
H = 16πG√−γ
(
π2
d− 1 − πabπ
ab
)
−
√−γ
16πG
(
R +
d(d− 1)
ℓ2
)
. (23)
Now, how can we understand the K term in the canonical action (22)? First of all,
the canonical action (22) can be rewritten by
S =
∫
dr
[∫
∂X
ddx
(
πabγ′ab −NH
)− 1
8πG
∫
∂∂X
dd−1x
√
|h|uaDaN
]
, (24)
where h is an induced metric of a (d−1)-dimensional boundary ∂∂X and ua is a unit
normal to the ∂∂X . Thus, the K term becomes a surface term of the Hamiltonian H
H =
∫
∂X
ddxH + 1
8πG
∫
∂∂X
dd−1x
√
|h|uaDaN. (25)
In usual, a surface term of a Hamiltonian plays an important role in physics, e.g., as
the total energy of a system. In this paper, we have not find a physical description
for this surface term. According to the AdS/CFT correspondence, the Hamiltonian
constraint H = 0 (turning on bulk scalar fields) is equivalent to the renormalization
group flow (RG-flow) equation of the boundary CFT [35]. However, the surface
term should not give any contribution on the CFT deformation, and moreover, we
have been concentrated only on the asymptotic boundary in which bulk scalar fields
vanish. Thus, even though it will be find that the surface term in (25) give a kind
of (local) deformation of boundary dual CFT related to the local failure on the IR-
UV connection, it should be different from the CFT deformations recently studied in
the holographic RG-flow (For review, see [36] and references therein). We leave the
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investigation of prescription for a possible description for the surface term in (25) and
its relationship with the local failure on the IR-UV connection as a future work.
Acknowledgments: I thank A. Zelnikov, Y. Gusev, and S. Corley for helpful
discussions. This work was supported by National Science and Engineering Research
Council of Canada.
References
[1] J. Maldacena, Adv. Theor. Math. Phys. 02 (1998) 231.
[2] S.S. Gubser, I.R. Klebanov, and A.M. Polyakov, Phys. Lett. B428 (1998) 105.
[3] E. Witten, Adv. Theor. Math. Phys. 02 (1998) 253.
[4] M. Henningson and K. Skenderis, JHEP 07 (1998) 023.
[5] L. Susskind and E. Witten, ‘The Holographic Bound in Anti-de Sitter Space’,
hep-th/9805114.
[6] G. ’t Hooft, ‘Dimensional Reduction in Quantum Gravity’, in Salamfest (1993)
p.284, gr-qc/9310026.
[7] L. Susskind, J. Math. Phys. 36 (1995) 6377.
[8] S. Nojiri and S.D. Odintsov, Phys. Lett. B444 (1998) 92.
[9] K. Skenderis and S.N. Solodukhin, Quantum effective action from the AdS/CFT
correspondence, hep-th/9910023.
[10] C. Imbimbo, A. Schwimmer, S. Theisen and S. Yankielowicz, Diffeomorphisms
and holographic Anomalies, het-th/9910267.
[11] M. Taylor-Robinson, More on counterterms in the gravitational action and
anomalies, hep-th/0002125.
[12] S. de Haro, K. Skenderis and S. Solodukhin, Holographic Reconstruction of Space-
time and Renormalization in the AdS/CFT Correspondence, hep-th/0002230.
11
[13] J.D. Brown and J.W. York Jr, Phys. Rev. D47 (1993) 1407.
[14] G.T. Horowitz and S.W. Hawking, Class. Quantum Grav. 13 (1996) 1487.
[15] V. Balasubramanian and P. Kraus, Commun. Math. Phys. 208 (1999) 413.
[16] S. Hyun, W.T. Kim, and J. Lee, Phys. Rev. D59 (1999) 084020.
[17] R. Emparan, C.V. Johnson, and R.C. Myers, Phys. Rev. D60 (1999) 104001.
[18] P. Kraus, F. Larsen, and R. Siebelink, Nucl. Phys. B563 (1999) 259.
[19] S.N. Solodukhin, ‘How to make the gravitational action on non-compact space
finite’, hep-th/9909197.
[20] S. Nojiri and S.D. Odintsov, Finite gravitational action for higher derivative and
stringy gravities, hep-th/9911152, to appear in PRD; S. Nojiri, S.D. Odintsov,
and S. Ogushi, Finite Action in d5 Gauged Supergravity and Dilatonic Conformal
Anomaly for Dual Quantum Field Theory, hep-th/0001122.
[21] A. Chamblin, R. Emparan, C.V. Johnson, and R.C. Myers, Phys. Rev. D60
(1999) 064018; ibid Phys. Rev. D60 (1999) 104026.
[22] S.W. Hawking, C.J. Hunter, and M.M. Taylor-Robinson, Phys. Rev. D59 (1999)
064005.
[23] D.S. Berman and M.K. Parikh, Phys. Lett. B463 (1999) 168.
[24] K. Landsteiner and E. Lopez, The Thermodynamic Potentials of Kerr-AdS Black
Holes and their CFT Duals, hep-th/9911124.
[25] M.M. Caldarelli, G. Cognola and D. Klemm, Thermodynamics of Kerr-Newman-
AdS Black Holes and Conformal Field Theories, hep-th/9908022.
[26] S.W. Hawking and H.S. Reall, Charged and rotating AdS black holes and their
CFT duals, hep-th/9908109.
[27] A.M. Awad and C.V. Johnson, Phys. Rev. D61 (2000) 084025.
[28] C.P. Burgess, N.R. Constable and R.C. Myers, JHEP 9908 (1999) 017.
12
[29] S.S. Gubser, I.R. Klebanov and A.W. Peet, Phys. Rev. D54 (1996) 3915.
[30] C. Kim and S.-J. Rey, Nucl. Phys. B564 (2000) 430.
[31] R.C. Myers and M.J. Perry, Ann. Phys. 172 (1986) 304.
[32] J. Ho, Holographic Counterterm Actions and Anomalies for Asymptotic AdS and
Flat Spaces, hep-th/9910124.
[33] N.D. Birrell and P.C.W. Davies, ‘Quantum Fields in Curved Space’, Cambridge
University Press, Cambridge (1982).
[34] J.D.E. Creighton and R.B. Mann, Thermodynamics of Dilatonic Black Holes in
n Dimensions, gr-qc/9511012.
[35] J. de Boer, E. Verlinde and H. Verlinde, On the Holographic Renormalization
Group, hep-th/9912012.
[36] M. Petrini and A. Zaffaroni, The Holographic RG flow to conformal and non-
conformal theory, hep-th/0002172.
13
